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(54) Method and circuit for driving infrared-emitting diode . 



(57) An infrared-emitting diode (IRED) is supplied 
with a current from a constant current source. This tech- 
nique significantly reduces the power loss that occurs in 
a battery-powered remote control device, for example, 
as the battery voltage varies from a fully-charged level 
to^ a level at which the battery must be recharged. 
Because a certain level of current is required to oper- 
ated the IRED. in this situation the drcuit must t>e febri- 
cated such that tfie required current is supplied when 
the battery needs charging. When the battery is operat- 
ing at a higher level, power is wasted exponenlially as 



eccess current is supplied through the IRED. Supplying 
the IRED with a constant current source greatly reduces 
the power loss. The constant currerrt source can take a 
wide variety of forms frdrn a relatively simple MOSFET 
operating in saturation to. more complex arrangement 
containing, for example, current mirrors, additional cur- 
rent sources, pass transistor logic, and digital-to-analog 
converters. The constant current source can also be 
feibricatad with bipolar transistors and biCMOS technol- 
ogy 
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Description 

FlPt n OF THE INVENTION 

5 [0001] This invention relates to circuits and methcxJs of driving infrared-emitting diodes, particularly those that are 
supplied by a fc>attery. 

BACKGROUND OF THE INVENTION 

10 [0002] Infrared-emitting diodes are similar to light-emitting diodes (LEDs) except that they produce radiation in the 
infrared portion of the spectrum, which includes frequencies that are just below the visible portion of the spectrum. Infra- 
red radiation is currently used for a variety of purposes, including remote controls in television and the like. Infrared radi- 
ation has the property of traveling directly in a straight fine off sight and. unlike radio waves, cannot travel through solid 
objects. However, infrared waves are adequate for communication in a single room or other situations off ck»e proxinrvty. 

75 and they have a limited capability to reflect off the walls and other flat surfaces within a room. 

[0003] Thus infrared has heralded a new era of communications. Infrared-emitting diodes along with receivers or pho- 
todiodes can be placed in computers, printers, and cellular phones to establish wireless communication links between 
these devices. For example, if faxes or e-mail are stored in a ceDular phone, one could simply point the cellular phone 
at a printer, and the printer would print out hard copies. Or frequently called numbers could be downloaded from a cel- 

20 lular phone to a computer or vice-versa. 

[0004] Infrared communications can be one-directional, but in most cases they are two-directional. In the latter case, 
one device sends information and a second device receives the information and sends information back to tfie first 
device. A nuni>er of firms have fonned an organization called the Infrared Data Association (IRDA), which has devel- 
oped a standard, known as the standard infrared communication protocol, prescribing the angles, brightness, data 

25 rates, format, etc.. for the transmission off information at relatively slow speeds (hundreds of kilobits per second). A new, 
fost infrared connmunications protocol covers transmissions up to 4 megabits per second. The IRDA protocol does not 
specify the software or hardware implementation of tiie comrmjnication system. 

[0005] Fig. 1 shows a block diagram off a typical two-directional infrared communication link between a pair off devices 
1 0 and 1 2. each of which could be, for example, a conputer. a printer, a cellular phone, etc. Device 1 0 contains a micro- 

30 processor 14 which lalks" to an input/output (I/O) chip 1 6 which in turn drives a transceiver 18. Transceiver 18 typically 
includes a buffer 20 tiiat actually drives an infrared-emitting diode (IRED) 22. IRED 22 is connected through a current- 
limiting resistor 24 to a supply voHage S/qc infrared communications are received by a PIN photodiode 26 which is con- 
nected to an ampliffier 28 and an analog-to-digital (A/D) converter 30. PIN photodiode 26 is normally biased offf fi.a. 
reverse-biased) by a bias 32. thereby ensuring that the cun-ent flowing through PIN photodiode 26 is proportfonal to the 

35 infrared photons (indicated by X) received from device 12. That analog signal is converted into a digital signal in A/D 
converter 30. eitiier a code or string of pulses which is interpreted by the I/O unit 16 according to a protocol developed 
by IRDA or competing standards such as those developed by Apple or Sharp or ottier emerging consumer products 
conpanies. 

[0006] Device 12 generally contains corresponding circuitry, including an IRED 34 and a photodiode 36. 

40 [0007] As noted above, IRED 22 is connected to a supply voltage Vcc through a current limiting resistor 24. Rg. 2A 
illustrates a graph showing the cun^ent (Iired) tiirough and power (P|red(^)) emitted as infrared radiation by a typical 
IRED (such as IRED 22) as a ffunction off the voltage (V|red) across the IRED. curve 38 showing cun^ent and curve 40 
showing optically emitted power. As indicated, txrth the current and power output (Ixightness) increase generally witii 
voltage until tiie current reaches a very high level, at which point heating causes the quantum efficiency to drop. The 

45 IRED then becomes less efficient and emits less light and the optical power output falls offf. The current increases more 
slowly because the device is becoming very, resistive. The voltage at which the device operates efffidentiy is nominally 
1 .6 V. because it is made of gallium arsenide and aluminum gallium arsenkle layers in a lateral-junction sandwich>type 
structure. As shown in Rg. 2B. the optimal operating voltage changes as a function off ambient tenrperature. a higher 
temperature reducing the optimal voltage and a lower temperature increasing the optimal voltage. This variation can be 

so on the order of a hundred millivolts (± 200 mV) around nominal or room temperature. Diodes constructed of diffferent 
materials or sandwich layers may have a diffferent turn-on voltage and may emit in diffferent parts of the IR spectrum. 
[0008] Rg. 3A shows a simplified circuit for controlling an IRED 42, including a switch 44 and a current-limiting resis- 
tor 46. Switch 44 represents either a very low resistance or an open circuit, and it is opened and closed to pulse the 
IRED 42 on and off. The maxinuim current is set at Vcc tmnus the voltage across IRED 42 (V|red). divided by the value 

55 off resistor 46. Rg. 3B shows switch 44 implemented as an N-channel MOSFET 48 having a gate driven by an inverter 
50 to indicate clearly that MOSFET 48 is being operated as a switoh. i.e.. in a digital or "on-offff" manner. 
[0009] Rg. 4A is another view of Rg. 3B, showing tiiat there is a capacitance C|red across IRED 42. This capad- 
tance accounts for charge stored in the device during operation, both as minority carriers and depletion capacitance. 
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Rg. 4A also shows a voltage V,red across IRED 42 and a voltage V^g across the drain and source of MOSFET 48, 
The current through IRED 42 and MOSFET 48 is indicated as Iq and the gate-to-source voltage on MOSFET 48 is 
shown as Vqs. 

[001 01 Rg. 4B shows a plot of Iq versus Vds (solid line) in the load line shown in Rg. 4A. Starting with Vqs 0 at the 
5 right side of the graph, as Vqs increases MOSFET 48 starts to turn on. However. Iq remains at zero until 

there is a sufficient voltage Vireq across IRED 42 to turn it on. Thus at Vqc - ^\reo> b begins to increase until it reaches 
a maximum level equal to 



when MOSFET 48 is fufly turned on. This Is the highest current that the circuit can be expected to see. The dashed line 
in Rg. 4B represents one of the IV characteristic curves of MOSFET 48. with the full supply voltage Vqc driving the 
IS gate of MOSFET 48. When MOSFET 48 is on it must simultaneously satisfy the load line equation and the MOSFET 
characteristic curve, and that occurs at the point labeled V^3(on). lD(on). 

[0011] Fig. 4C shows the time-dependent behavior of Vqs. b PoirK^) and Vqs during a complete switching cycle 
(Vqs from zero to Vcc and back to zero). Even though the gate of MOSFET 48 ramps up quickly, the drain current Iq is 
delayed in turning on and turning off the fact that there is some capacitive lag. Accordingly, there is a delay before 

20 the voltage across IRED 42 hits the level at which infrared radiation is generated. There is some power loss during this 
interval. In communications systems, a delay between control signal and actual data transmission adversely limits the 
maximum communication rate. To counteract the delay, the IRED diode must be driven at high cun-ents to achieve rapid 
transitions despite the charging and discharging of its parasitic capacitance. Furthermore, tfiere is a power loss in MOS- 
FET 48 equal to lD(on)2 . g^g^ jj y^^^ reached a stable on condition. 

25 [001 2] Rg. 5 is a plot of tiie current I ,red = ' d as a function of tiie supply voltage Vcc ^ ^ values of the current- 
limiting resistor 46. Ri and R2. (R2 being the smaller). For each value off R. hypotiietical curves are shown for temper- 
atures of -20* C. 25* 0 and 125* C. As indicated, cun-ent begins to flow through the IRED when the supply voltage Vcc 
reaches about 1 .6 V and increases linearly to the maximum value of Vcc = ^ V showm. 

[0013] A single-cell littiium ion battery normally operates in a range from 2.5 V (needs charging) to 4.2 V (fully 
30 recharged). These limits are shown in Rg. 5. It is evident tfiat whetiier R^ or R2 is selected the current tiirough the cir- 
cuit will vary significantly in the range from 2.5 V to 4.2 V. This variation is greater if greater brightness from the IRED 
(R2) is desired. 

[0014] TTiis variation in the current through the circuit represents a very significant power loss. An example will serve 
to illustrate tine point. Assume that a particular IRED has a trip point (i.e.. turns on) at 1 .7 V and requires 0.5 A of cun-ent 
35 to provide a desired level of brightness. Therefore, a mininfium level of I|red at 0.5 A must be guaranteed. Using a lith- 
ium ion battery, tfie supply voltage may go as low as 2.5 V. With these parameters, tiie value of the current-lintiting resis- 
tor is set by the following equation: 



hRED 



45 



so 



O.SA 

[001 5] The power drawn by the circuit at low battery is given by: 



[001 6] Assume tfiat a different IRED (or the same IRED at a different temperature) has a trip point at 1 .4 V and that 
ss the battery is fully charged at 4.2 V. The current through the circuit is given by: 
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15 



30 



hRED = 1.6Q 



^RED ' 3-3^ 



[0017] This represents a total power consumption of: 



^ R 0.6Q) 



[001 8] Thus, with the battery fully charged there is an additional power loss off over 7W. and this results from the need 
to assure 0.5A of cun-ent when the taattery is in its low condition. This problem is illustrated graphically in Fig. 6, which 
shows the linear rise in current and the exponential rise in power as Vqc increases. 

[001 9] Thus prior art circuits using switches have the problem that the brightness of the IRED will be too variable and 
20 the battery life will be too short using currertt-limiting resistors. Furthermore, by selecting a low resistance value for the 
low battery condition, the IRED may be overdriven during the high battery condition, resulting in excessive heating, 
reduced quantum efficiency, and possible device damage. Using a DC-to-DC voltage converter to provide a fixed volt- 
age supply rail is not a satisfactory solution for most consumer products because of the added complexity, cost, size, 
switching noise, and possble interference with RF communication (broadcast frequency t>ands). Also, the use of switch 
25 mode or linear regulation is often dedicated to critical circuits in a product requiring superior regulation or (in the linear 
regulator case) low noise. Sharing the regulator between light regulation loads and the IRED driver forces the regulator 
to regulate during the high cun^ent surges associated with the IRED as well as survwe an increased thermal load. 
Instead, it is preferable to have the device driven directly from the t>attery. 
[0020] Accordingly, there is a clear need for a solution to this problem. 



SUMMARY 



[0021] In accordance with this invention, a infrared-emitting diode (IRED) is supplied by circuitry which includes a con- 
stant cun-ent source. In many errdDodiments the current supplied by the constant current source is a function of a control 
35 signal and is not a function of the supply voltage. 

[0022] The current source can take a wide variety of forms. A single MOSFET or bipolar transistor operated in its sat- 
urated region can be used as a current source. A current mnror using either MOSFETs or bipolar transistors can be 
used to reflect a constant current into the circuit into which the IRED is connected. 

[0023] The current source can be placed on the high side or the low side of the IRED. It can be used with or without 
40 a current*limlting resistor and can be placed on the same side of the IRED as a current-limiting resistor or on the oppo- 
site side of the IRED from a current-limiting resistor. 

[0024] A plurality of current sources can t>e connected via switches to the IRED to provide different levels of current 
or to provide redundancy in case one such switch or current source fails to operate property. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

Rg. 1 illustrates a schematic block diagram of a two-way infrared communication link between two devices. 
so Fig. 2A illustrates a graph sfiowing the current and power in an IRED as a function of voltage. 

Fig. 2B illustrates a graph showing the current through an IRED as a function of voltage and temperature. 

Rg. 3A illustrates a conventional switching circuit including an IRED 

Rg. 3B illustrates the circuit of Rg. 3A with the switch implemented as a MOSFET. 

Rg. 4A illustrates a slightly different emtxxjiment of the circuit shown in Rg. 3A. 
55 Fig. 4B illustrates a graph showing the current through the IRED of Rg. 4A as a function of the voltage drop across 

the MOSFET 

Rg. 4C illustrates graphs showing the behavior of several perimeters in the circuit of Rg. 4A during one switching 
cyde of the MOSFET. 
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Rg, 5 illustrates a graph showing the current through the drcuit of Rg. 4A as a function off Vqc at two cBfferem val- 
ues of the bias resistor and three different temperatures. 

Rg. 6 Illustrates a graph showing the behavior of the current and power consunption of the circuit shown in Rg. 
4A as a function of Vqc- 

Rgs. 7A and 7B Illustrate alternative circuit diagrams of an IRED connected in accordance with the invention. 
Rg. 8 aiustrates a graph showing the current and power consumption in the circuits of Rgs. 7A and 7B. 
Rgs. 9A-9C show schematic diagrams of several circuits for providing a constant current to an IRED. with the con- 
stant current source and switch being located on the high side of the IRED 

Rgs. 1 0A-1 OC show schematic diagrams of circuits similar to those shown in Rgs. 9A-9C. except that the switches 
and cun^ent sources are on the low side of the IRED. 

Rgs. 11A-11C illustrate schematic diagrams of circuits in which the current sources are on the high side off the 
IRED and switches are on the low side of the IRED. In the circuit of Rg. 11 B, there is also a switch on the high side 
off the IRED. 

Rgs. 12A-12C illustrate schematic diagrams of circuits in which the switches are in the high side of the IRED and 
the current sources are on the low side of the IRED. In Rg. 12B, there is also a switch on the low side of the IRED. 
Rgs. 1 3A and 1 3B illustrate schematic diagrams of circuits which include a switched cun^ent source and a separate 
switch. 

Rgs. 1 3C and 1 3D illustrate schematic diagrams of circuits which include a swtched current source capable of pro- 
viding two current levels. 

Rg. 14A illustrates a schematic diagram of a circuit in which the switched current source includes a MOSFET. 
Rg. 14B illustrates a schematic diagram of a circuit in which the switched current source includes a bipolar transis- 
tor. 

Rg. 14C illustrates a schematic diagram of a circuit in which the constant cun-ent source includes a cun-ent min-or 
pair of MOSFETs supplied through a biasing resistor 

Rg. 14D illustrates a similar arrangement in which the cunrent mirror pair is suppGed by another curent source. 
Rgs. 14E and 14F illustrate schematic diagrams off circuits which are similar to those shown in Rgs. 14C and 14D. 
respectfully, except that the current mirror includes bipolar transistors. 

Rg. 14G shows a schematic diagram of a circuit in which the current source includes an N-cfiannel MOSFET 
whose gate is controlled by an inverter which applies a fixed bias at a value resulting in a prescribed saturation cur- 
rent in the MOSFET. 

Rg. 1 4H shows a schematic diagram in which the cun-ent source includes a cun-ent mirror pair of bipolar transistors 
supplied by a constant current source and controlled by an inverter. 

Rg. 141 shows a scfiematic diagram of a circuit in which the current source includes a curent mirror pair of MOS- 
FETs supplied by a current source and controlled by an inverter. 

Rg. 14J is a schematic diagram of a circuit that is similar to the drcuit of Rg. 141, except that the second cun-ent 
source indudes a cun-ent minror pair of MOSFET& 

Rg. 14K illustrates a schematic diagram of a circuit in which the current source indudes two current mirrors formed 
of bipolar transislors and an inverter. 

Rgs. ISA and 15B illustrates schematic diagrams off drcuits in wtiich the constant current and switching functions 
are provided by separate MOSFETs. 

Rgs- 15C and 15D are similar to Rgs. ISA and 158, respectively, except that the constant current function is pro- 
vided tyy a depletion-mode MOSFET 

Rgs. 15E and 15F illustrate schematic diagrams of circuits in which the constant cunrent furK;tion is provided by a 
cun-ent mirror and the switcfiing function is provided by a separate MOSFET 

Rg. 1 6A illustrates a schematic diagram of a circuit in which the cun^ent source indudes a MOSFET whose gate is 
l3iased alternatively at two diffferent levels to provide different cun-ents. 

Rgs- 16B and 16D illustrate schematic diagrams of circuits in which the current source indudes a current mirror 
pair supplied by alternative constant cun-ent sources. 

Rg. 1 6C illustrates a schematic diagram off a circuit in which the constant current source indudes a cun-ent mirror 
pair supplied by alternative voltage levels. 

Rgs. 16E-16J illustrate schematic diagrams off drcuits in which pass transistor logic is used to control the size of 
the constant current through the IRED by selecting an associated voltage reference. 

Rgs. 17A and 17B illustrate schematic diagrams of circuits in which the size of the cun-ent through the cun-ent 
source transistor is controlled by a resistor tap network. 

Rgs. 17C and 17D illustrate a schenretic diagram of a drcuit in which the size off the current through the IRED is 
controlled t>y a digital-to-analog converter. 

Figs. 18A-18C illustrate schematic diagrams of additional embodiments including a cun^ent-minY>r pair off transis- 
tors with a power disconnect switch to shut offf the bias supply. 
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Rgs. 19A-19J illustrate schematic diagrams of various embodiments in which the current source is connected on 
the high side of the 1 RED. 

Rg. 1 9K illustrates a graph showing the behavior of the circuits shown in Figs. 1 91 and 1 9J. 
Rgs. 20A-20H illustrate schematic diagrams of various embodiments including a constant cunent device and a 
5 switch connected in series on the high side of the IRED. 

Rgs. 21 A-21 D illustrate schematic diagrams of embodiments in which the current source and switch are located 
on opposite sides of the IRED. 

PgSCRIPTIQN OF THE INVENTION 

10 

[0026] Rg. 7A illustrates a basic circuit in accordance with this invention, including a dependent current source 60 
connected in series with an infrared-emitting diode (IRED) 62 with current source 60 being connected between the sup- 
ply voltage Vcc and the IRED 62. Rg. 7B shows a similar circuit in which the dependent cun-ent source 60 is connected 
between IRED 62 and ground. Putting the matter another way. in Rg. 7A current source 60 is on the anode side or high 
15 side of IRED 62, and in Rg. 7B cun^ent source 60 is on the cathode side or low side of IRED 62. In each instance 
o'«£>endent cunent source 60 supplies a current that is a function of a control signal and is not a function of the supply 
V : itage Vqc- In the broadest sense, the curent conducted by cun-ent source 60 could take on any value including zero. 
'.^..no current, depending on its control input. 

[€<0271 In the circuits shown in Rgs. 7A and 7B. the total power consumed is equal to Vqc * Iireo Accordingly, the 
so power consumption increases directly in proportion to Vcc rather than in accordance with the square law reflected in 
Rg. 6. This results in a significant saving in power in compared with prior art circuits. This is shown in the graph of Rg. 
8. which illustrates the linear increase in power consumption with a constant cunrent equal to 0.5A. 
[0028] Rgs. 9A-9C illustrate circuits for providing a switched current to the IRED in Rg. 9A. a cun-ent source 64 pro- 
viding a cunent li is connected to IRED 62 via a switch 70 which allows IRED 62 to be pulsed on or off. In Rg. 9B. a 
25 second current source 66. providing a current I2. is provided and a single-pole, triple-throw (SP3T) switch 72 is used to 
provide three levels of cunent to IRED 62. I2 or I3 » 0. Selecting between two cunrents 1^ and Ig allows the brightness 
of the IRED to be varied according to the range of communication distance desired. For long range conrununication 
(e.g.. over one meter) at fast data rates (e.g.. 4 Mbit/sec) the higher current value {e.g.. 300 to 600 mA) can be used. 
At short distances (ag.. 20 cm) when the two communicating products are in dose prodmity. the current can be low- 
so ered to a value of 40 to 100 mA to conserve k)attery life and reduce heal. 

[0029] In Rg. 9C. a variable cunrent source 68 provides a constant current which is a function of an input signal V|n 
and vkrhich may be biased into any current including zero current. In Rgs. 9A-9C, t)oth the cunrent sources and switches 
are on the high side of the IRED, and in each case a cunrent-limiting resistor 74 is provided on the low side of IRED 62. 
Rg. 1 0A-IOC illustrate circuits that are similar to Rgs. 9A-9C. respectfully, except that the switches and cun-ent 
35 sources are on the low side of IRED 62 and the cunent-iimiting resistor is on the high side of IRED 62. In all cases the 
cun-ent-limiting resistor 74 is optional and may t>e omitted. Its value is to prevent excessive cunrents from flowing or dan- 
gerous levels of IR radiation from being emitted in the event that the cunrent source becomes shorted. In any event, 
where a current-limiting resistance is used, the small signal resistance of the cun-ent source 64, 66, 68 is so much 
greater than the resistance of the resistor 74 that the current is determined l>y the current source. 
40 [0030] In Rg. 11 A current source 64 is on the high side of I RED 62. whereas switch 70 is on the low side of IRED 62. 
In Rg. 1 1 B, current sources 64 and 66 are connected via a single-pole. dout)le throw (SPDT) switch 76 on the high side 
of IRED 62, and a single-pole switch 78 is connected on the low side of IRED 62. In Rg. 1 1C, a programmat)le current 
source 68 is on the high side of IRED 62. and switch 78 is on the low side of IRED 62. In each instance, the optional 
resistor 74 is connected on the low side of IRED 62 (or anywhere in the series path of the IRED). 
45 [0031] In Rg. 12A. the switch 70 is connected on the high side of IRED 62. and the cun-ent source 64 is connected 
on the low side of IRED 62. In Rg. 12B. cunrent sources 64 and 66 and the single-pole. dOLdble-thrcw (SPDT) switch 76 
are connected on the low side of IRED 62. and single-pole switch 78 is connected on the high side of IRED 62. In Rg. 
12c. the variable (programmable) cun-ent source 68 is connected on the low side of IRED 62 and the switch 78 is con- 
nected on the high side of IRED 62. 
so [0032] Rgs. 13A and 138 show alternative entediments including a switched current source 80. In Rg. 13A 
switched cun-ent source 80 is connected on the low side of 1 RED 62 and in Rg. 1 38 switched cunent source 80 is con- 
nected on the high side of IRED 62. In both cases, a switch 82 is connected on the opposite side of IRED 62 to provide 
redundant swvitching so that one could assure that the IRED 62 could be turned off even if one of the switches should 
foil. Rgs. 1 3C and 1 3D show similar entxxjlments including a switched current source 84 which is capakile of providing 
$5 two current levels whenever switch 82 is closed and zero current whenever switch 82 is opened. 

[0033] Rg. 14A illustrates a possible structure of switched current source 80. which includes an N-channel MOSFET 
90 and a single-pole, double-throw switch 92. Switch 92 alternatively connects the gate of MOSFET 90 to Vbias or to 
ground. MOSFET 90 is sized such that it is operating in saturation when its gate is connected to Vbias- When switch 92 
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connects the gate of MOSFET 92 ground. MOSFET 90 is turned off. Rg. 14B shows a similar circuit including a bipolar 
transistor 94. The value of the constant current using a single MOSFET or bipolar transistor depends on the value of 
the bias voltage arxJ the transconductivity of the transistor. In the case of such a single transistor current source, the 
device does not behave as an ideal current source at extremely low voltages where it instead acts like a transistor, or 
5 at extremely high current densities where other effects may occur. The construction and size of the device must there- 
fore be considered in this regard. Also, the value of the cunrent wai vary with temperature unless V^ias is adjusted Id 
compensate for temperature variations. 

[0034] Rg. 14C shows an entxxliment in wWch a pair of MOSFETs 100 and 1 02 provide a cun-ent min'or. In a typical 
an-angement the gate width of MOSFET 100 would be g-eater than the gate width of MOSFET 102 by a factor of N. 

10 MOSFET 102 Is connected via a switch 104 through a biasing resistor 106 to the supply voltage Vcc- The gate and 
drain of MOSFET 102 are tied together. As is well known in the art, when switch 104 Is thrown so as to connect MOS- 
FET 102 to the supply voltage Vqc. the respective currents fk)wlng through MOSFETs 100 and 102 differ by the factor 
N. When switch 104 connects the gate of MOSFETs 100 and 102 to ground. MOSFET 100 is turned off. Interrupting 
the current flow through IRED 62. The benefit of using a MOSFET mirror is that ft reduces sensitivity to process varia- 

15 tions in threshoki voltage and tenrperature. If resistor 106 has a low temperature coefficient, the part will behave rela- 
tively independently of temperature. Rg. 14D shows a similar arrangement except that a current source 108 providing 
a current l^jas is substituted for resistor 1 06. The current Ibias ^ Ic^s through MOSFET 1 02 and is reflected (fc3y the factor 
of N) into MOSFET 100. Again, switch 104 can be thrown to connect the gates of MOSFET 100 and 102 to ground, 
thereby turning MOSFET 100 off. The circuit shown in Rg. 14D coukJ provide a better power supply rejection and less 

20 temperature dependence than ttie circuit shown in Rg. 14C. 

[0035] Figs. 14E and 14F show circuits which are similar to tiiose shown in Rg. 14C and 14D. respectively, except 
that the cunrerrt mirror includes t>ipolar transistor 110 and 112. In these circuits, the current flowing through IRED 62 is 
determinedkyytheratiooftherespectiveemitter areas of MOSFETs 110 and 112. Bipolar-matching is often easier than 
MOSFET design, and reduces temperature sensitivity. 

25 [0036] Rg. 14G shows an arrangement in which an N-channel MOSFET 1 14 is connected in series with IRED 62. An 
inverter including MOSFETs 11 6'and 118 is connected to tiie gate off MOSFET 114. When V.^ is low. P-diannel MOS- 
FET 118 is turned on connecting Vbias to the gate of MOSFET 114 and turning It on. The value of Vbias must be selected 
to provide the desired current for a MOSFET having a given transconductance. When Vjn is high, the N-channel MOS- 
FET 116 is turned on, connecting tiie gate of MOSFET 114 to ground and turning it off. 

30 [0037] In the circuit shown in Rg. 1 4H the inverter containing MOSFETs 116 and 1 1 8 is connected to the pair of bipo- 
lar transistor 110 and 112. When Vjn is low. current source 108 is connected to transistor 112 and Ibias flows through 
transistor 112 and is reflected (as described above) to transistor 110. When Vj^ is high, MOSFET 1 1 6 is turned on, con- 
necting the t>ase of bipolar transistor 110 to ground, tiiereby turning it off and interripting the flow of current tiirough 
IRED 62. 

35 [0038] The circuit shown in Rg. 141 is in effect a combination of ttie circuits shown in Rgs. 14D and 14H. with ttie 
MOSFET pair 100. 102 substituted for the bqx>lar pair 110. 112. In ttie manner described above, when Vj^ is low, P- 
channel MOSFET 118 is turned on, and the cun-ent from current source 108 flows through MOSFET 102 and is 
r^lected Into MOSFET 100. When Vj^ is high, MOSFET 116 is turned on. connecting the gate of MOSFET 100 to 
ground. Since ttie current Is set by a mirror, it does not depend on ttie absolute value of a voltage reference. 

40 [0039] The circuit shown in Rg. 14J is similar to the circuit of Rg. 141, except that a current mirror pair of MOSFETs 
1 20 and 1 22 has been sut)stituted for current source 1 08. The current f kjwing through MOSFET 1 22 and biasing resis- 
tor 124 is reflected into MOSFET 120 and provkies the constant cun^ent for MOSFET 102. 

[0040] Rg. 14K shows a circuit including two current mirrors formed of bipolar transistors. The current through tran- 
sistor 112 is refined into transistor 110 as deserved above. Vj^ is fed through a second inverter 132 to the gates of 
45 MOSFETs 116 and 118. When V|n is high. P-channel MOSFET 118 is turned on and the cun-ent from transistor 126 
f kiws through transistor 112. The current through transistor 128 is determined by a current source 1 30 and is reflected 
into transistor 126. When V|n is low. the P-charmel MOSFET 1 16 is turned on, connecting the base of transistor 1 10 to 
ground and turning it off. 

[0041 ] Rg. ISA shows an embodiment In which the constant current and SMvitching function are separated. MOSFET 
50 142, whose gate is controlled by an inverter 144, is operated so as to switch the current on and off. The constant cun-ent 
is provkJed by MOSFET 140. whose gate is biased at a fixed biased voltage. Rg. 15B shows an embodiment in which 
the positions of MOSFETs 140 and 142 are reversed. 

[0042] In Rg. 15C, the constant current function is provkJed by a depletion-mode MOSFET 146. whose gate is tied 
to its source. The switching function is again provkied by MOSFET 142. In Rg. 15D. the locations of MOSFETs 142 and 
55 146 are reversed. 

[0043] In Rgs. 1 5A-1 6D, ttie witching MOSFET 142 is operated In its linear region and provkies very littie resistance 

when It is turned on. In contrast. MOSFETs 140 and 146 are saturated and provkie a constant current. 

[0044] Rg. 1 5E illustrates an embodiment in which the constant current is provided by a current mirror similar to that 
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illustrated in Fig. 14Dl The switching function is provided by MOSFET 142. Rg. 15F is similar but bipolar transistors 110 
and 1 1 2 are substituted for MOSFETs 1 00 and 102 in the current mirror. 

[0045] Rg. 16A illustrates an emkxdiment in which the constant cunrent MOSFET 90 is capaksle of providing two con- 
stant currents. A switch 150 controls the gate of MOSFET 90 and connects the gate, alternatively, to a bias 152 which 
5 provides V^iasi or a bias 1 54 which provides V^iasa or to ground. \/Vhen the gate of MOSFET 90 is connected to either 
of the biases 1 52 or 1 54. MOSFET 90 is saturated arKi conducts a constant current which depends on the value of the 
gate t>ias. 

[0046] Rg. 16B illustrates and enbodiment which includes a cunrent mirror containing MOSFETs 100 and 102 and 
a switch 156 which connects to one of current sources 158 or 160 or to ground. Current source 158 provides a cunrent 
10 Ibiasi* cirid cunent source 160 provides a current "^^^ the current through MOSFET 102 is determined by the 
position of switch 156 and the cunrent through MOSFET 102 is reflected into MOSFET 100. When switch 156 is 
grounded, MOSFET 100 is turned off. 

[0047] In Rg. 1 6C a current mirror contains bipolar transistors 110 and 112, with the collector of transistor 112 being 
connected either to bias 1 52. bias 1 54 or to ground. As descrit>ed atx3ve. bias 1 52 supplies a V^j^si * and bias 1 54 sup- 
15 plies a V^io^. Rg. 16D shows an emtxxJi merit in which current sources 158 and 160. wfiich provide differerit constant 
currents, are sut>stituted for bias sources 152 and 154. 

[0048] Figs. 16E-16K sfiow circuits in which pass transistor logic is used to control the size of the current through 
IRED 62. In Fig. 16E. pass transistors 170 and 172 supply voltages V^iasi or y/tiias2* fo g^^ of MOSFET 90. MOS- 
FET 174 connects the gate of MOSFET 90 to ground, turning it off. The gates of MOSFETs 170. 172 and 174 are con- 
20 trolled in accordance with the logic shown in the following truth table. 



25 



A 


B 


MOSFET 170 


MOSFET 172 


MOSFET 174 


Vq MOSFET 90 


1 


0 


Off 


on 


Off 


Vbias2 


0 


1 


on 


oH 


Off 


Vbiasi 


1 


1 


off 


off 


on 


ground 


0 


0 


n/a 


n/a 


off 


n/a 



[0049] Thus, depending on the condition of the input signals A and 5 . one of MOSFETs 170, 172 and 174 is turned 
on, providing a desired bias to the gate of MOSFET 90 and determining the size of the current through MOSFET 90 or 
35 turning MOSFET 90 off. 

[0050] Rg. 16F illustrates a current mirror including MOSFETs 100 arxl 102. Cun-ent sources 158 and 160 provide 
different currents through MOSFETs 170 and 172, respectively, thereby determining^ the size of the current through 
MOSFET 1 02 which is reflected into MOSFET 1 00. When MOSFET 1 74 is turned on ( A • g 1 ) the gate of MOSFET 
100 is grounded, turning it off. 

40 [0051] Rgs. 16G and 16H illustrate circuits which also include MOSFETs 100 and 102 in a current mirror pair. In Rg. 
1 6G. tfie current through MOSFET 1 02 is determined by the state of MOSFETs 1 70 and 1 72. A bias source 1 84 Is con- 
nected to MOSFETs 180 arxj 182. wfv'ch have gate widths related by the ratio of 1 to N, so that the current through 
MOSFET 182 Is N times the current through MOSFET 180. Thus the state of MOSFETs 170 and 172 determines the 
size of the cun-ent through MOSFET 102. and this current is reflected into MOSFET 100. Again, when MOSFET 174 is 

45 turned on to ground the gate of MOSFET 1 00. MOSFET 100 is turned off. 

[0052] In Rg. 16H, MOSFETs 186 and 188 are operated in saturation and function as current sources. Vbiasi is 
applied to the gate of MOSFET 186. and Vbjas2 *s applied to the gate of MOSFET 188. These gate vottages determine 
the respective currents through MOSFETs 186 and 188. Otherwise, this circuit operates in the same manner as the cir- 
cuit shown in Rg. 16G. 

so [0053] Rg. 161 illustrates a circuit which is similar to the circuit of Rg. 16H, but it uses bipolar transistors rather than 
MOSFETs. The current mirror pair includes transistors 110 and 1 1 2. A current source 1 96 provides a constant current 
through transistor 1 90. The currertt through transistor 1 90 Is reflected into each of transistors 192 and 1 94. The emitter 
areas of transistors 1 92 and 1 94 are sized In ratios of N and M, respectively, with respect to the emitter area of transistor 
190. Again, the state of MOSFETs 170 and 172 determines the size of the current tlrough transistor 112. and this is 

55 reflected into transistor 110. MOSFET 174 is used to ground the base of transistor 110. turning it off. 

[0054] The circuit of Fig. 1 6J includes three bipolar current mirror pairs. The basic pair includes transistors 110 and 
1 12. A second current mirror pair, comprising transistors 220 and 202 su|:^lies a current through MOSFET 170 to tran- 
sistor 112. and a third current mirror pair, comprising transistors 204 and 206, supplies a current through MOSFET 1 72 
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to bipolar transistor 112. Current sources 208 and 210 determine the currents product by the second and third current 
mirror pairs respectively. Again, MOSFET switches 170 and 172 determine the size of the current through trartsistor 
112, and MOSFET 174 is used to turn transistor 1 10 off. 

[0055] Figs. 17A and 17B iflustrate how the current through I RED 62 can be controlled using a resistor lap network. 
5 In Rg. 17A, resistors 220. 222 and 224 are connected in series with a voltage source 226. A threeix>le switch 228 is 
used to connect the gate of MOSFET 90 to nodes between resistors 220, 222 and 224, or to ground. As descrbed pre- 
viously, the gate voltage on MOSFET 90 determines the size of current through IRED 62. 

[0056] Fig. 17B shows resistors 230, 232 and 234 connected in series with bipolar transistor 112. which is current- 
min^ored to transistor 110. Switches 236 and 238 are connected in parallel with resistors 232 and 234. respectively, and 
10 are set to control the current through transistor 21 2. IRED 64 is turned off by closing switch 237. 

[0057] In Fig. 17C, a voltage digital-to-analog converter (DAC) 240 is used to set the gate voltage for MOSFET 90 
and thereby control the cun^ent through IRED 62. In Rg. 1 7D. a current DAC 242 establishes the current through MOS- 
FET 102, which is mirrored into MOSFET 1 00. 

[0058] In Rg. 1 8A, a current mirror including bipolar transistors 256 and 258 supplies current to transistor 1 1 2. which 
15 is reflected into transistor 110. MOSFETs 250 and 252 are connected with an inverter 254 in such a way that when 
MOSFET 252 is turned on. grounding the base of transistor 110, MOSFET 250 is turned off. Thus no cun-ent flows 
either in the IRED or in the bias circuit when the IRED 62 is not operating. Shutting off the bias supply current makes 
the circuit more amenable to battery-powered circuits where battery life is critical. 

[0059] The circuit of Rg. 18B is somewhat similar to the circuit shown in Rg. 14C, except that switches 260 and 262 
20 are ganged together such that no current flows through MOSFET 102 when switch 260 closed, grounding the gate of 
MOSFET 100. Rg. 18C shows an embodiment with a current source 108 which supplies a current mirror pair including 
MOSFETs 102 and 104. Again, switches 260 and 262 are ganged such that no current flows either in the IRED or in 
the bias circuit when 1 RED 62 is turned off. 

[0060] Rg. 19A shows a circuit with a P-channel MOSFET 270 connected on the high side of IRED 62. A switch 272 
25 controls the gate of MOSFET 270. either connecting the gate to Vqc to turn MOSFET 270 off. or connecting the date 
to a voltage equal to Vqc - Vbias to provide a constant cun-ent flow through MOSFET 270. 

[0061] In Rg. 19B. a PNP bipolar transistor 274 is connected on the high side of IRED 62. Switch 272 connects the 
base of transistor 274 either to Vcc. turning transistor 274 off or to a current source 273. providing a constant base cur- 
rent to transistor 274. In this condition, the collector current in transistor 274. which supplies IRED 62, is also held at a 

30 constant level. 

[0062] In Rg. 19C, an N-channel MOSFET 90 is connected on the high side of IRED 62. Switch 276 either ties the 
gate of MOSFET 90 to its source, turning MOSFET 90 off. or si43piies a constant gate-to-source voltage to MOSFET 
90. holding the current throuslh MOSFET 90 constant. The circuit shown in Rg. 19D is similar, except that series net- 
work including a zener diode 278 and a resistor 280 provides a gate voltage to MOSFET 90 when it is turned on. 
35 [0063] In Rg. 19E. a current source 282 supplies a base current to PNP transistor 284 when switch 276 is in one 
position, and the base and emitter of transistor 284 are tied together when switch 276 is in the other condition, turning 
it off. 

[0064] The circuit shown in Rg. 19F includes a cun^ent mirror pair consisting of bipolar transistors 290 and 292. 
Switch 296 connects transistor 292 to a current source 294, stabilizing the current through IRED 62. In its other position. 
40 switch 296 ties the t>ase of transistor 292 to Vcc. turning transistor 292 off. Rg. 1 9G shows a circuit in which MOSFETs 
300 and 302 are substituted for t>ipolar transistors 290 and 292. 

[0065] In the circuit of Fig. 19H, IRED 62 \b SMpplied via a current mirror pair which includes bipolar transistors 290 
and 292. A control signal is applied in common to the respective gates of P-chamel MOSFET 304 and N-channel MOS- 
FET 306. When the control signal is high N-cfiannel MOSFET 306 is turned on and the cunrent source 294 supplies 

45 cun-ent to transistor 292. This current is reflected into transistor 290. When the control signal is low P-channel MOSFET 
304 is tumed on connecting the base of transistor 290 to Vqc- Transistor 290 is then turned off. 
[0066] In Rg. 191. a current mirror pair including MOSFETs 100 and 102 is controlled by MOSFETs 304 and 306. 
\A/hen the control signal applied to the gates of MOSFETs 304 and 306 is low, P-channel MOSFET 304 is turned on 
and current is supplied to MOSFET 1 02. The total current through MOSFETs 1 00 and 102 Is held constant and supplies 

so IRED 62. Conversely, when N-channel MOSFET 306 is turned on, MOSFETs 100 and 102 are turned off. interrupting 
the flow of current through IRED 62. In the circuit of Rg. 19J. bipolar transistors 110 and 112 are substituted for MOS- 
FETs 100 and 102. The embodiments of 191 and 19J follow a resistive approach rather than a constant current 
approach. The current minror pair operates as followers. As the graph shown in Rg. 1 9K indicates, when the anode volt- 
age Va of IRED 62 rises to the point where it is within a certain differential from Vqc. the cun-ent through the circuit col- 

55 lapses. 

[0067] Figs. 20A-20H show various combinations of a constant current device and a switch connected in series on 
the high side of IRED 62. In Rg. 20A a P-channel MOSFET 320 is used as a switch and a P-channel MOSFET 322 is 
used as a constant current source. The gate of MOSFET 320 is controlled through an inverter 321, and the gate of 
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MOSFET 322 \s biased at a constant voltage in relation to Vqc- 

[0068] in Rg. 20B a bpolar transistor 324 is sut>stituted for MOSFET 322. In Hg. 20C. a constant current source 325 
if. :onnected between the base o1 transistor 324 and ground, thereby providing a constant collector current in transistor 
3:- i Rg. 20D is similar to Rg. 20A except that an N-channel MOSFET 326 is used as a syvitch. 
5 [C369] In Rg. 20E, the switching MOSFET 320 is connected on the high side of an N-channel depleton-mode MOS- 
FET 328. which has its gate tied to its source and provides a constant current. In Rg. 20F, the positions of MOSFET 
320 and depletion-mode MOSFET 328 are reversed. 

[0070] In Rg. 20G, a constant current is provided by a current mirror arrangement including MOSFETs 330 and 332. 
In Rg. 20H. bipolar transistors 334 and 334 are sutsstituted for MOSFETs 330 and 332. 

10 [0071 ] Rgs. 21 A-21 D illustrate embodiments in which the current source and switch are located on opposite sides of 
the IRED. The circuit of Rg. 21 A showvs depletion-nrrade MOSFET 328 connected on the high side of IRED 62 and 
switching MOSFET 326 on the low side of IRED 62. In Rg. 21 B. a current mirror containing bipolar transistors 340 and 
342 is connected on the high side of IRED 62 and MOSFET 326 is connected on the low side of IRED 62. A MOSFET 
344 is operated synchronously with MOSFET 326 to tum off current flow in the current mirror when the IRED 62 is 

15 turned off. In Rg. 21 C a current minnor containing MOSFETs 330 and 332 is connected on the low side of IRED 62 and 
switching MOSFET 320 is connected on the high side of IRED 62. Rg. 21 D is similar to Rg. 21 C except that N-channel 
MOSFET 326 has been substituted tor P-channel MOSFET 320. 

[0072] While numerous embodiments in accordance with this invention have been descrft>ed alxsve, it will be apparent 
to those skilled in the art that there are may additional embodiments that fall within the broad scope of this invention. 
20 This invention, as defined by the following claims, includes all such embodinnents. 

Claims 

1. A circuit for driving an infrared-emitting diode oonrprising a constant current source connected in series with thie 
25 infrared-emitting diode. 

2. The circuit of Claim 1 wherein said constant cunent source is connected on a high side of the infrared-emitting 
diode. 

30 3. The circuit of Claim 1 wherein said constant current source is connected on a low side of the infrared-emitting 
diode. 

4. The circuit of Claim 1 further comprising a switch connected in series with said infrared-envtting diode. 

35 5. The circuit of Claim 4 wherein said switch is connected on the same side of said infrared-emitting diode as said 
constant current source. 

6. The circuit of Claim 4 wherein said switch is connected on the opposite side of said infrared-emitting diode from 
said constant current source. 

40 

7. The circuit of Claim 1 wherein said constant current source comprises a MOSFET, said MOSFET being Ibr provid- 
ing a constant current when operated in saturation. 

8. The circuit of Claim 1 wherein said constant current source comprises a b^lar transistor, said bipolar transistor 
45 t>eing for providing a constant current when operated in saturation. 

9. The circuit of Claim 1 wherein said constant current source is capable of providing more than one level of current 

10. The circuit of Claim 1 wherein said constant cun^ent source comprises a switched constant current source. 

so 

11. The circuit of Claim 1 wherein said constant current source comprises a pair of transistors which are designed to 
operate as a current mirror. 

12. The circuit of Claim 1 1 wherein said transistors conrprise MOSFETs. 

55 

1 3. The circuit of Claim 1 r wherein said transistors comprise t)ipolar transistors. 

14. The circuit of Claim 1 1 wherein a first one of said transistors is connected in series with said infrared-emitting diode. 
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1 5. The circuit of Claim 1 4 wherein a second one of said transistors is connected in a second current path that is par- 
allel to a current path in which said infrared-emitting diode is connected. 

16. The circuit of Claim 1 5 wherein said second current path includes a second constant current source. 

5 

1 7. The circuit of Claim 1 wherein said corstant current source conprises a pass transistor logic arrangement for con- 
trolling the voltage at the gate of a MOSFET 

1 8. The circuit of Claim 1 wherein said constant current source comprises a depletion-mode MOSFET 

10 

1 9. The circuit of Claim 1 wherein said constant current source comprises a resistor tap network. 

20. The circuit of Claim 1 wherein said constant current source comprises a digital-to-analog converter for controlling 
the voltage at the gate of a MOSFET. 

75 

21 . A device for communicating remotely with a second device, said first device comprising an infrared-emitting diode 
connected in series with a constant current device. 

22. The device of Claim 21 further comprising a PIN diode for receiving infrared radiation from said second device. 

20 

23. The device of Claim 22 wherein said infrared diode and said PIN diode are coupled to a transceiver. 

24. The device of Claim 23 further comprising an input/output unit coupled to a microprocessor. 

25 25. A method of communicating comprising pulsing a constant current through an infrared-emitting diode. 
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